example in the UK it is estimated that over 8 % of the area covered by arable crops 23 is treated with formulated granular bait pellets containing metaldehyde as the 24 principle active ingredient. Metaldehyde is hydrophilic (log P = 0.12), water soluble 25 (200 mg.L -1 at 17C) and has been detected in UK surface waters in the 26 concentration range of typically 0.2-0.6 µg.L -1 (maximum 2.7 µg.L -1
) during 2011. In the absence of chronic data on potential hazards to non-target freshwater 28 molluscs, a laboratory study was conducted to investigate the impact of metaldehyde 29 on embryionic development in the gastropod Lymnaea stagnalis (RENILYS strain) 30 and using zinc as a positive control. L. stagnalis embryos were exposed to 31 metaldehyde under semi-static conditions at 20 ± 1C and hatching success and 32 growth (measured as spire height and intraocular distance) examined after 21d. 33
Exposure concentrations were verified using HPLC and gave 21d hatching NOEC and 34 The control of molluscs and other pests remains a major challenge for food 49 production in many regions. Crop damage by slug and snail pests is a major 50 problem in European agriculture and it has been compounded in recent years by the 51 mild, wet climate and changes in farming practices. It is estimated that over 8% of 52 the area covered by arable crops in the United Kingdom is treated with the slug 53 pellets and their active ingredient metaldehyde (Environment Agency, 2009) metaldehyde is not effectively removed through adsorption onto activated carbon 92 and hence there is considerable work to find effective removal methods (Li et al., 93 2010; Autin et al., 2012) . Unsurprisingly, metaldehyde residues have also been 94 detected in crops and in soil sampled from various regions (Selim & Seiber 1973; 95 Zhang & Dai 2006; Zhang et al., 2011) . 96
In terms of the hazard profile of metaldehyde, the evidence indicates moderate 97 mammalian toxicity. Metaldehyde poisoning is characterised by central nervous 98 system depression and convulsions. Several cases of deliberate or accidental 99 ingestion by man, pets or domestic animals have been reported (WHO 1996; Jones 100 & Charlton 1999; Bleakley et al., 2008) . Mice receiving an oral dose of 100 mg.kg -1 produced is diminished. Furthermore Mills et al. (1990 Mills et al. ( & 1992 described the 116 electrophysiological perturbation and feeding disruption associated with the toxic 117 mode of action of metaldehyde. Experimental analysis indicated that acetaldehyde 118 was present in the haemolymph of slugs immediately after the end of a metaldehyde 119 meal (Mills et al., 1990) . Comparing the impacts of a pellet formulation on terrestrial 120 molluscs (slugs) with the freshwater gastropod Lymnaea stagnalis, Mills et al. (1990) 121 reported that a metaldehyde concentration of 5 g.kg -1 in the pellet reduced the meal 122 duration and number of bites in slugs by about 70% compared to control. In L. 123 stagnalis, however, the same metaldehyde concentration reduced the meal duration 124 by approximately 25%. Differences in the concentration required to produce a given 125 effect may be due to differences in the rate of absorption or amount of body contact 126 with the pellet, or differences in the aversive chemosensory response to 127 metaldehyde. The study by Mills et al (1990) provides good evidence of 128 metaldehyde's neurotoxic mode of action and that some of the toxic symptoms in 129 slugs and other terrestrial molluscs are likely mediated by acetaldehyde. There is 130 also a growing body of evidence describing the toxicity of metaldehyde to 131 earthworms and other non-target terrestrial invertebrates (Iglesias et al., 2003; 132 Langan & Shaw 2006; Edwards et al., 2009; Rae et al., 2009; Gavin et al., 2012; 133 Cardoso et al., 2015) . In terms of aquatic non-target species, the most sensitive 134 species included in a recent review by EFSA (2010) control also achieved its aim and no embryos hatched after 21d when exposed to a 321 nominal concentration of 2.0 mg Zn.L -1 (Table 3 ). In terms of the intra-ocular 322 observations, there were no statistically significant differences between embryos for 323 any metaldehyde and PBO treatment group whereas there was a significant 324 difference for the Zn positive control as these embryos failed to develop any 325 eyespots (P=<0.001). Embryo heart rate data made using video microscopy showed 326 considerable variability in the dilution water controls (mean values ranging from 59.1 327 to 75.5 beats.min -1 measured between 7d to 20d) and the ethanol solvent control 328
(mean values ranging from 49.5 to 79.8 beats.min -1 measured between 7d to 20d). 329
The measured heart rates of embryos exposed to metaldehyde only at 116 mg.L (Table 3) . 348
In comparison, the EFSA (2010) data review cites an acute lethality study using Coloso et al., (1998) 
